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(57) ABSTRACT

Provided is an interconnection structure comprising a reflec-
tive anode electrode for organic EL displays, which is pro-
vided with an Al alloy film that has excellent durability and is
capable of assuring stable light emission characteristics even
in cases where an Al reflective film is directly connected with
an organic layer, while achieving high yield. The present
invention is related to an interconnection structure which
comprises, on a substrate, an Al alloy film that constitutes a
reflective anode electrode for organic EL displays and an
organic layer that contains a light-emitting layer. In the inter-
connection structure, the Al alloy film contains a specific rare
earth element in an amount of 0.05-5% by atom and the
organic layer is directly connected onto the Al alloy film.
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INTERCONNECTION STRUCTURE
INCLUDING REFLECTIVE ANODE
ELECTRODE FOR ORGANIC EL DISPLAYS

TECHNICAL FIELD

[0001] The present invention relates to an interconnection
structure including a reflective anode electrode for use in an
organic electro-luminescence display (particularly, a top-
emission-type organic EL display).

BACKGROUND ART

[0002] An organic electroluminescence (hereinafter,
referred to as “organic EL”) display, as one of self-luminous
flat panel displays, is an all-solid-type flat panel display in
which organic EL devices are arranged in a matrix on a
substrate such as a glass. In the organic EL display, anodes
and cathodes are each provided in a stripe pattern, and each of
intersections of the anodes and the cathodes corresponds to a
pixel (an organic EL device). A voltage of several volts is
externally applied to the organic EL device for current flow
therethrough, so that organic molecules are each raised to an
excited state. The excited organic molecule returns to an
original ground state (stable state) while emitting excess
energy in a form of light.

[0003] The organic EL device is a self-luminous and cur-
rent-drive device, and a drive method thereof includes a pas-
sive type and an active type. The passive type allows a simple
device structure, but is less likely to achieve full-color dis-
play. On the other hand, the active type enables a large size
display, and is suitable for full-color display. The active type,
however, requires a TFT substrate. Such a TFT substrate
includes TFTs including low-temperature polycrystalline Si
(p-Si) or amorphous Si (a-Si).

[0004] In the case of the active-type organic EL display,
usable area for organic EL pixels is small due to presence of
aplurality of TFTs and interconnections. When a drive circuit
is complicated and the number of TFTs increases, the TFTs
further greatly affect the usable area. Recently, attention is
focused on a technique for increasing an open area ratio
through a structure (top emission type) that allows light to be
extracted from a top side rather than to be extracted through a
glass substrate.

[0005] In the top emission type, ITO (Indium-Tin Oxide)
having excellent hole injection capability is used for an anode
on abottom. Although a transparent conductive film must also
be used for a cathode on a top, ITO is not suitable for electron
injection due to its large work function. Furthermore, since
ITO is deposited by a sputtering process or an ion beam
evaporation process, an electron transport layer (one of
organic materials configuring the organic EL device) is pos-
sibly damaged by plasma ions or secondary electrons during
deposition of ITO. Thus, a thin Mg layer or a thin copper
phthalocyanine layer is provided on the electron transport
layer in order to avoid such damage and improve electron
injection.

[0006] An anode electrode for use in such an active-matrix
top-emission organic EL display is formed into a stacked
structure of a transparent oxide conductive film typically
including ITO or [ZO (Indium-Zinc Oxide) and a reflective
film for reflecting light emitted from each organic EL device
(a reflective anode electrode). The reflective film used in the
reflective anode electrode is often a reflective metal film
including molybdenum (Mo), chromium (Cr), aluminum
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(Al), or silver (Ag). For example, a stacked structure of ITO
and an Ag alloy film is used for the reflective anode electrode
of the top-emission-type organic EL display.

[0007] In consideration of reflectance, Ag or Ag-based
alloy mainly containing Ag is useful because of its high
reflectance. Although the Ag-based alloy has a unique prob-
lem of inferior corrosion resistance, such a problem can be
solved by covering the Ag-based alloy film with an ITO film
stacked thereon. In the case of Ag, however, material cost is
high, and a sputtering target necessary for deposition is less
likely to be increased in size. It is therefore difficult to use the
Ag-based alloy film as a reflective film of the active-matrix
top-emission organic EL display for a large-size display.
[0008] Inlight of only reflectance, Al is also preferred for
the reflective film. For example, PTL1 discloses an Al film or
Al—Nd film as the reflective film, describing that the Al—Nd
film desirably has high reflective efficiency.

[0009] However, when the Al reflective film is made into
direct contact with the oxide conductive film including ITO or
170, contact resistance is high. which prevents supply of
sufficient current for hole injection into the organic EL
device. To avoid this. high-melting-point metal such as Mo or
Cr may be used for the reflective film instead of Al, or the
high-melting-point metal such as Mo or Cr may be provided
as barrier metal between the Al reflective film and the oxide
conductive film. In such a case, unfortunately, reflectance is
significantly reduced, leading to a reduction in emission lumi-
nance as one display characteristic.

[0010] Thus, PTL2 proposes an A1—Ni alloy film, which
contains Ni in an amount of 0.1 to 2 at %, as a reflective
electrode (reflective film) allowing the barrier metal to be
omitted. Such an Al—Ni alloy film has a high reflectance
similar to that of pure Al, and enables low contact resistance
even if the Al reflective film is made into direct contact with
the oxide conductive film including ITO or 1Z0.

CITATION LIST

Patent Literature

[0011] PTL1: Japanese Unexamined Patent Application
Publication No. 2005-259695,

[0012] PTL2: Japanese Unexamined Patent Application
Publication No. 2008-122941.

SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0013] In the top-emission organic EL display, when hole
injection from the anode into the organic layer as an upper
layer is considered, since holes are transferred from the high-
estoccupied molecular orbital (HOMO) ofthe anode material
to the HOMO of the organic layer, an energy difference
between such orbitals becomes an injection barrier. Although
ITO having a low energy barrier is currently used for volume
production, if the work function of ITO is reduced due to the
influence of a layer under the ITO, such an energy barrier
becomes high. For example, while the reflective anode elec-
trode for the top-emission-type organic EL display has the
stacked structure (an ITO upper layer/an Al-alloy lower layer)
of the oxide conductive film including ITO (hereinafter, rep-
resented as ITO in some cases) and the Al reflective film (or
Al-alloy reflective film), a work function of the surface ofthe
ITO film in the stacked structure is disadvantageously about
0.11t0 0.2 ¢V lower than that of the stacked structure (an ITO
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upper layer/an Ag-based-alloy lower layer) being currently
volume-produced. Although the detailed reason for this is
unclear, if the work function of the ITO film surface is
reduced by about 0.1 to 0.2 eV, an emission start voltage (a
threshold voltage) of the organic light-emitting layer formed
as an upper layer of the ITO film is shifted by about several
voltages to a high voltage side. Thus, when the same emission
intensity is maintained, power consumption is increased.
[0014] Moreover, the organic EL display has a problem of
uneven emission intensity caused by a pinhole in the ITO film
and in-plane variation in contact property between the ITO
film and the Al reflective film, etc.

[0015] To cope with such problems, an organic layer, which
allows direct connection of the Al reflective film with the
organic layer without the ITO film, is being developed.
[0016] However, the Al reflective film is left uncoveredin a
period before formation of the organic layer under a situation
where the ITO film protecting the Al reflective film does not
exist. Hence, for example, while a substrate having the Al
reflective film thereon is conveyed, a dent may be locally
formed in the substrate by longitudinal deformation (stress)
due to, for example, shock from the upper side, so that the Al
reflective film tends to have an abnormal concave shape etc. in
its surface. This disadvantageously results in electric field
concentration in the periphery of such a concave portion,
leading to uneven emission intensity, and results in a reduc-
tion in life of the light emitting device.

[0017] An object of the present invention, which has been
made in light of the above-described circumstance, is to pro-
vide an interconnection structure containing a reflective
anode electrode for organic EL displays, the reflective anode
electrode including an Al-alloy reflective film that is particu-
larly excellent in durability against longitudinal stress, allows
stable emission characteristics without uneven emission
intensity to be ensured even if the Al reflective film is directly
connected to an organic layer, and enables a high production
yield.

Means for Solving the Problems

[0018] The present invention provides an interconnection
structure, a thin film transistor, and an organic EL display as
described below.

[0019] (1) Aninterconnection structure including, ona sub-
strate, an Al alloy film configuring a reflective anode elec-
trode for organic EL displays and an organic layer containing
a light emitting layer, the interconnection structure being
characterized inthat the Al alloy film contains at least one rare
earth element in an amount of 0.05 to 5 at %, the rare earth
element being selected from a group consisting of Nd, Gd, La,
Y, Ce, Pr, and Dy, and the organic layer is directly connected
onto the Al alloy film.

[0020] (2) The interconnection structure according to (1),
characterized inthat the Al alloy film has a hardness of 2t0 3.5
GPa and a density of grain boundary triple points in an Al
alloy structure of 2x10%/mm? or more.

[0021] (3) The interconnection structure according to (1) or
(2), characterized in that the Al alloy film has a Young’s
modulus of 80 to 200 GPa and a maximum value of one-
direction tangential diameter (Feret diameter) of a crystal
grain of 100 to 350 nm.

[0022] (4) The interconnection structure according to any
oneof (1) to (3), characterized in that the Al alloy film has a
glossiness of 800% or more.
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[0023] (5) The interconnection structure according to any
one of (1) to (4), wherein the Al alloy film is electrically
connected to a source/drain electrode of a thin film transistor
formed on the substrate.

[0024] (6) A thin film transistor substrate, including the
interconnection structure according to any one of (1) to (5).
[0025] (7) An organic EL display, including the thin film
transistor substrate according to (6).

Advantageous Effects of the Invention

[0026] According to the present invention, an Al alloy film,
which contains a rare earth element and is appropriately con-
trolled in hardness and in density of grain boundary triple
points, is used as an Al alloy film configuring a reflective
anode electrode for organic EL displays, and therefore the Al
alloy film is particularly excellent in durability against longi-
tudinal stress such as an indentation load. In addition, since
the Al alloy film is appropriately controlled in Young’s modu-
lus and in maximum grain size along the one-direction tan-
gential diameter (Feret diameter) of a crystal grain, the Al
alloy film is also excellent in durability against lateral defor-
mation. As a result, even if the Al reflective film is directly
connected to the organic layer, stable emission characteristics
can be ensured, so that a highly reliable, reflective anode
electrode for organic EL displays has been able to be pro-
vided. Furthermore, since the Al alloy film is excellent in
glossiness, a reflective anode electrode for organic EL dis-
plays, which is excellent in color expression power, has been
able to be provided. The organic EL display of the present
invention is preferably used for, for example, a mobile phone,
a portable video game player, a tablet computer, and a tele-
vision.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic view illustrating a traditional
organic EL display including a reflective anode electrode of
the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0028] The inventors have made various investigations in
order to provide an electrode material being generally used as
areflectiveanode electrode for organic EL displays, i.e., an Al
alloy film containing a rare earth element (hereinafter, abbre-
viated to Al-rare earth element alloy film or simply Al alloy
film in some cases), which has appropriate durability against
each of longitudinal deformation (stress) and lateral defor-
mation (stress) generated as by shock from the upper side
during, for example, conveyance of a substrate having the Al
alloy film thereon even if the Al alloy film is directly con-
nected to the organic layer without the oxide conductive film,
and thus can prevent formation of a dent associated with such
deformation, and can prevent degradation in emission char-
acteristics and reduction in service life. As a result, the inven-
tors have found that when an Al alloy film having predeter-
mined hardness and grain boundary density is used as the
Al-rare earth element alloy film, the expected purpose is
attained.

[0029] Specifically, in the invention, from the viewpoint of
ensuring stable emission characteristics even if the Al reflec-
tive film is directly connected to the organic layer, and ensur-
ing high reliability, an Al-rare earth element alloy film being
an Al alloy film containing a rare earth element, of which the
hardness is 2 t0 3.5 GPa, and the density of the grain boundary
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triple points in the Al alloy structure is 2x10%/mm? or more,
can be used as the Al alloy film for the reflective anode
electrode for organic EL displays.

[0030] Inaddition, an Al-rare earth element alloy film may
be configured such that the Al alloy film has a Young’s modu-
lus of 80 to 200 GPa and a maximum value of one-direction
tangential diameter (Feret diameter) of a crystal grain of 100
to 350 nm. Furthermore, the Al alloy film may have a glossi-
ness of 800% or more.

[0031] First, the Al-rare earth element alloy film preferably
has a hardness of 2 to 3.5 GPa. As described above, unlike in
the past, the Al alloy film of the invention is used while being
directly connected to the organic light-emitting layer without
the oxide conductive film such as ITO stacked thereon. To
achieve this, the reflective anode electrode for organic EL
displays is required to have sufficient durability against lon-
gitudinal stress to prevent formation of a dent etc. on the
electrode even if the electrode is deformed or degraded due to
temporarily concentrated stress. From such a viewpoint, the
above-described hardness is set further considering hardness
of the Al alloy film being stacked with the oxide conductive
film such as ITO, and considering hardness balance to the
glass substrate etc.

[0032] In detail, if an electrode material configuring the
electrode is too soft, the electrode is deformed due to stress
concentration, which may cause troubles such as uneven light
emission. On the other hand, if the electrode material is too
hard, the electrode is less likely to be deformed by an inden-
tation load, which may cause microcracks or degradation
such as separation in the material. In the case where the Al
alloy film is used as the electrode material while being not
stacked with the oxide conductive film such as ITO, consid-
eration must be further made on hardness balance between
the Al alloy film itself and a stack of the Al alloy film and the
oxide conductive film to set hardness of the Alalloy film. That
is, the upper limit of the hardness of the Al alloy film is
preferably controlled to be roughly similar to the hardness of
the stack, while the lower limit thereof is preferably not
significantly different from the hardness of the substrate typi-
cally including a glass substrate. On the basis of such a
viewpoint, the invention specifies preferable hardness of the
Al alloy film to be 2 to 3.5 GPa. The hardness is more pref-
erably 2.5 to 3.3 GPa. The values of the hardness of the Al
alloy film are determined according to a procedure mentioned
in Examples described later.

[0033] Furthermore, the Al alloy film used in the invention
satisfies density of grain boundary triple points (hereinafter,
abbreviated to triple point density in some cases) in the Al
alloy structure of 2x10%/mm? or more. As described above, in
the invention, the hardness of the Al alloy film is preferably
controlled to be within a predetermined range. In general,
hardness is closely related with triple point density, and when
the content of the rare earth element is within a range (5 at %
or less) of the invention, hardness tends to increase with
increase in triple point density. In the invention, the triple
point density is specified to be 2x10%/mm? or more in light of
ensuring the lower limit (2 GPa) of the hardness of the Al
alloy film. The triple point density is preferably 2.4x10%/mm?
or more. The upper limit of the triple point density is prefer-
ably 8.0x10%mm?in consideration ofefficiency of sputtering
deposition. The values of the triple point density of the Al
alloy film are determined according the following procedure
as mentioned in the Example described later. Specifically, the
Al alloy film is subjected to TEM observation at a magnifi-
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cation of 150,000x to measure density (triple point density) of
Al alloy at a grain boundary triple point observed in each of
measured visual fields (each visual field being 1.2 umx1.6
um). Such measurement is performed in three visual fields in
total, and the average of the measured values is determined as
the triple point density of the Al alloy.

[0034] The Al alloy film used in the invention contains the
rare earth element in an amount of 0.05 to 5 at % with the
remainder being Al and inevitable impurities. The Al alloy
film containing the rare earth element has heat resistance.
Therehas not been disclosed an Al alloy film that is controlled
in hardness and triple point density in light of providing a
material suitable for the reflective anode electrode for organic
EL displays. The lower limit and the upper limit of the content
of the rare earth element are each specified to ensure the range
of each of the hardness and the triple point density specified in
the invention. As shown in the Examples described later, the
hardness tends to decrease with a decrease in content of the
rare earth element. If the content of the rare earth element is
below the lower limit specified in the invention, at least one of
the hardness and the triple point density is out of the range of
the invention. On the other hand, the hardness tends to
increase with increase in content of the rare earth element. If
the content of the rare earth element exceeds the upper limit
specified in the invention, at least one of the hardness and the
triple point density is out of the range of the invention.
[0035] The inevitable impurities include Fe, Si, and Cu,
each of which is allowed to be contained in an amount of 0.05
wt % or less. If the content of each inevitable impurity is out
of the above-described range, corrosion resistance may be
degraded. The inevitable impurities further include oxygen,
which is allowed to be contained in an amount of 0.1 wt % or
less. If the content of oxygen is out of the above-described
range, electric resistance may disadvantageously increase.
[0036] In the invention, from the viewpoint of ensuring
stable emission characteristics even if the Al reflective film is
directly connected to the organic layer, and ensuring high
reliability, an Al-rare earth element alloy film being an Al
alloy film containing a rare earth element, of which the
Young’s modulus is 80 to 200 GPa, and the maximum value
of the one-direction tangential diameter (Feret diameter) of a
crystal grain is 100 to 350 nm, can be used as the Al alloy film
for the reflective anode electrode for organic EL displays.
[0037] First, the Al-rare earth element alloy film is prefer-
ably has a Young’s modulus of 80 to 200 GPa. As described
above, unlike in the past, the Al alloy film of the invention is
used while being directly connected to the organic light-
emitting layer without the oxide conductive film such as ITO
stacked thereon. To achieve this, the reflective anode elec-
trode for organic EL displays is required to have sufficient
durability against lateral stress to prevent formation of asperi-
ties etc. on the electrode even if the electrode is deformed or
degraded due to temporarily concentrated stress. From such a
viewpoint, the above-described Young’s modulus is set fur-
ther considering a Young’s modulus of the Al alloy film being
stacked with the oxide conductive film such as ITO, and
considering balance of Young’s modulus to the glass substrate
etc.

[0038] In detail, if an electrode material configuring the
electrode has a small Young’s modulus (i.e., is too soft), the
electrode is deformed due to stress concentration, which may
cause troubles such as uneven light emission. On the other
hand, if the electrode material has a large Young’s modulus
(i.e.,is too hard), the electrode is less likely to be deformed by
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an indentation load, which may cause microcracks or degra-
dation such as separation in the material. In the case where the
Al alloy film is used as the electrode material while being not
stacked with the oxide conductive film such as ITO, consid-
eration must be further made on balance between the Young’s
modulus ofthe Al alloy film itself and the Young’s modulus of
astack ofthe Al alloy film and the oxide conductive film to set
the Young’s modulus of the Al alloy film. That is, the upper
limit of the Young’s modulus of the Al alloy film is preferably
controlled to be roughly similar to the Young’s modulus of the
stack, while the lower limit thereof is preferably not signifi-
cantly different from the Young’s modulus of the substrate
typically including a glass substrate. On the basis of such a
viewpoint, the invention specifies preferable Young’s modu-
lus of the Al alloy film to be 80 to 200 GPa. The Young’s
modulus is more preferably 85 to 180 GPa. The values of the
Young’s modulus of the Al alloy film are determined accord-
ing to the following procedure, as mentioned in the Examples
described later. Specifically, a hardness test of a film is per-
formed by a nano-indenter to determine the Young’s modu-
lus. In this test, the Al alloy film is subjected to continuous
stiffness measurement using an XP tip with Nano Indenter
G200 from Agilent Technologies Co., Ltd (analysis software:
Test Works 4). The value of the Young’s modulus is deter-
mined by taking the average of the resultant values of mea-
surement at 15 points with indentation depth of 500 nm.

[0039] Furthermore, the maximum grain size (the maxi-
mum value of one-direction tangential diameter (Feret diam-
eter) of a crystal grain) of the Al alloy film used in the inven-
tion satisfies 100 to 350 nm. As described above, in the
invention, the Young’s modulus of the Al alloy film must be
controlled to be within a predetermined range. In general, a
Young’s modulus is roughly closely related with the maxi-
mum grain size, and when the content of the rare earth ele-
ment is within a range (5 at % or less) of the invention, the
Young’s modulus tends to decrease with increase in maxi-
mum grain size. In the invention, the upper limit of the maxi-
mum grain size is specified to be 350 nm in light of ensuring
the lower limit (80 GPa) of the Young’s modulus of the Al
alloy film, and the lower limit of the maximum grain size is
specified to be 100 nm in light of ensuring the upper limit (200
GPa) of the Young’s modulus of the Al alloy film. The pref-
erable maximum grain size is 130 to 320 nm.

[0040] The maximum grain size refers to the maximum
value of the one-direction tangential diameter (called Feret
diameter or Green diameter) of a crystal grain. Specifically,
the maximum grain size refers to an interval (a distance)
between two parallel lines in a certain direction with a grain
therebetween. When the crystal grain has a dent, the maxi-
mum grain size corresponds to a distance between parallel
external tangents on a projection drawing. When the crystal
grain has no dent (has a spherical shape), the maximum grain
size corresponds to a value obtained by dividing a circumfer-
ential length by . The value of the maximum grain size is
specifically determined in the following way. That is, the Al
alloy film is subjected to TEM observation at a magnification
of 150,000% to measure grain size (one-direction tangential
diameter, or Feret diameter) of each crystal grain observed in
each of measured visual fields (each visual field being 1.2
pmx1.6 pm). Such measurement is performed in three visual
fields in total, and the maximum of the values obtained in the
three visual fields is determined as the maximum grain size.

[0041] Description has been made on the Young’s modulus
and the maximum grain size of the Al alloy film characteriz-
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ing the present invention. The Al alloy film used in the inven-
tion contains the rare earth element in an amount of 0.05to §
at % with the remainder being Al and inevitable impurities.
The Al alloy film containing the rare earth element has heat
resistance. There has not been disclosed an Al alloy film that
is controlled in Young’s modulus and maximum grain size in
light of providing a material suitable for the reflective anode
electrode for organic EL displays. The lower limit of the
content of the rare earth element is specified to ensure the
range of each of the hardness and the triple point density
specified in the invention. The lower limit is specified in order
to allow the heat resistance effect to be effectively exhibited,
while the upper limit thereof7s specified to ensure the range of
each of the Young’s modulus and the maximum grain size
specified in the invention. As the content of the rare earth
element increases, the Young’s modulus tends to increase, but
the maximum grain size tends to decrease.

[0042] The inevitable impurities include Fe, Si, and Cu,
each of which is allowed to be contained in an amount of 0.05
wt % or less. If the content of each of the inevitable impurities
is out of the above-described range, corrosion resistance may
be degraded. The inevitable impurities further include oxy-
gen, which is allowed to be contained in an amount of 0.1 wt
% or less. If the content of oxygen is out of the above-
described range, electric resistance may disadvantageously
increase.

[0043] Through investigations, the inventors have found
that (1) glossiness of the electrode greatly affects the hue of
the organic EL display, and in the case where each crystal
grain of the Al alloy film has a large grain size (in detail, a
large maximum value of the one-direction tangential diam-
eter called Feret diameter), or in the case where the density of
the crystal grain is small, glossiness of the Al alloy film is
reduced, resulting in inferior color expression power of the
organic EL display, (2) in detail, the glossiness of the Al alloy
film is substantially determined by size and/or density of the
grain size immediately after deposition, and the glossiness is
almost unvaried through heat treatment (annealing) after
deposition, and (3) appropriate control of deposition condi-
tions (preferably, temperature and Ar gas pressure during the
sputtering) is effective to achieve high glossiness. Further-
more, the inventors have found that the content of the rare
earth element in the Al alloy film is also closely related with
the glossiness of the Al alloy film, where (4) although the
glossiness tends to increase with increase in content of the
rare earth element, if a large amount of rare earth element is
added, the hue of the organic EL display is degraded due to a
disadvantageous etching characteristic; hence, the upper
limit of the content is effectively controlled to be 5 at %, and
(5) such an Al alloy film, which is appropriately controlled in
glossiness and content of the rare earth element, may be
singly used, or may be used in a form of a stacked material in
which a high-melting-point metal film such as a Mo film is
stacked on the bottom of the Al alloy film.

[0044] In this way, the glossiness of the Al-rare earth alloy
film used in the invention is preferably 800% or more. Thus,
the color expression power of the organic EL display is also
improved. While higher glossiness is more advantageous, the
glossiness is preferably 805% or more. The upper limit of the
glossiness of the Al alloy film, which is not particularly speci-
fied, is about 840% in consideration of conditions (such as the
content of the rare earth element in the Al alloy film and a
manufacturing condition of the Al alloy film, as described in
detail later) for ensuring the desired glossiness. The values of
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the glossiness of the Al alloy film are determined according to
the following procedure, as mentioned in the Examples
described later. Specifically, 60° specular glossiness is mea-
sured in accordance with JIS K7105-198. The glossiness is
represented by a value (%) obtained assuming that glossiness
of the surface of glass having a refractive index of 1.567 is
100.

[0045] The Al alloy film used in the invention contains the
rare earth element in an amount of 0.05 to 5 at % with the
remainder being Al and inevitable impurities. The Al alloy
film containing the rare earth element has heat resistance.
There has not been disclosed an Al alloy film that is appro-
priately controlled in glossiness and content of the rare earth
element in light of providing a material suitable for the reflec-
tive anode electrode for organic EL displays. The lower limit
of the content of the rare earth element is specified to allow the
heat resistance effect to be effectively exhibited, while the
upper limit thereofis specified to ensure the lower limit of the
glossiness specified in the invention. Specifically, as shown in
the Examples described later, the glossiness of the Al alloy
film is closely related with the content of the rare earth ele-
ment, and in the case where the Al alloy films are fabricated in
the same conditions, the glossiness of the Al alloy film tends
to increase with increase in content of the rare earth element.
However, an excessively large content of the rare earth ele-
ment causes a new problem of etching characteristics, leading
to degradation in hue. Hence, the upper limit of the content is
specified to be 5 at %. In addition, if the content of the rare
earth element is within the above-described range, electric
resistance of an interconnection can be controlled to be low.

[0046] The inevitable impurities include Fe, Si, and Cu,
each of which is allowed to be contained in an amount of 0.05
wt % or less. If the content of each inevitable impurity is out
of the above-described range, corrosion resistance may be
degraded. The inevitable impurities further include oxygen,
which is allowed to be contained in an amount of 0.1 wt % or
less. If the content of oxygen is out of the above-described
range, electric resistance may disadvantageously increase.

[0047] The rare earth elements used in the invention
include an element group consisting of lanthanoid elements
(15 elements in total from La (atomic number 57) to Lu
(atomic number 71) in the Periodic Table), Sc (scandium),
andY (yttrium). In the invention, such elements may be used
singly, or two or more of the elements may be used in com-
bination. The above-described content of the rare earth ele-
ment refers to the content of a single element in the case
where the element is singly used, and refers to the total
content of two or more elements in the case where such
elements are used in combination. A preferable rare earth
element includes at least one element selected from a group
consisting of Nd, Gd, La, Y, Ce, Pr, and Dy.

[0048] The upper limit of the content of the at least one
element (in particular, Nd) selected from the group consisting
of Nd, Gd, La, Y, Ce, Pr, and Dy is preferably 1 at % in light
of controlling each ofthe hardness and the triple point density
to be within a predetermined range.

[0049] In the invention, the Al alloy film may be used
singly, or may be used in a form of a stacked structure where
a high-melting-point metal film is stacked on the bottom of
the Al alloy film, as the electrode material. The high-melting-
point metal film is generally used to prevent oxidation of Al,
and Mo, Ti, Cr, and W or an alloy mainly including each of
such metals may be used in the invention.
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[0050] The preferable thickness of the Al alloy film is
roughly 50 to 700 nm. In the case where the Al alloy film is
singly used, the preferable thickness is roughly 50to 600 nm.
In the case where the Al alloy film is used in a form of a
stacked structure with the high-melting-point metal film, the
preferable total thickness (of the high-melting-point metal
film and the Al alloy film in order of closeness to a substrate)
is roughly 80to 700 nm. At this time, the preferable thickness
of the Al alloy film is roughly 50 to 600 nm, while the
preferable thickness of the high-melting-point metal film is
roughly 30 to 100 nm.

[0051] In the invention, to achieve the Al alloy film that is
appropriately controlled in hardness and triple point density,
the Al alloy film containing the predetermined rare earth
element is preferably used, and besides the deposited Al alloy
film is preferably heat-treated (annealed) within a tempera-
ture range from room temperature to 230° C. In a manufac-
turing process of the organic EL display after formation of the
reflective film, a semi-product of the organic EL display is
often subjected to thermal history from room temperature to
about 250° C. In case of a high annealing temperature, a
reduction in hardness and in triple point density is caused due
to precipitation of the rare earth element and grain growth of
the Alalloy. Specifically, the annealing temperature should be
appropriately set depending on the added amount of the rare
earth element, and is preferably 150 to 230° C.

[0052] Examples of the deposition process of the Al alloy
film include a sputtering process and a vacuum evaporation
process. In the invention, the Al alloy film is preferably
formed by the sputtering process in light of fining, homog-
enization of each alloy component in the film, and ease in
control of the amount of the added element. In the sputtering
process, it is preferred that deposition temperature during the
sputtering is controlled to be roughly 180° C. or less, and Ar
gas pressure is controlled to be roughly 3 mTorr or less. As the
substrate temperature or the deposition temperature is higher,
quality of the formed film is closer to that of a bulk, a dense
film is thus more readily formed, and hardness of the film
tends to increase. In addition, as the Ar gas pressure is
increased, density of the film tends to be reduced, leading to
a decrease in hardness of the film. Such adjustment of the
deposition conditions is also preferred in light of suppressing
easy occurrence of corrosion due to roughening of a film
structure.

[0053] In the invention, to achieve the Al alloy film that is
appropriately controlled in Young’s modulus and maximum
grain size, appropriate control of sputtering conditions is
preferred in addition to use of the Al alloy film containing the
predetermined rare earth element. Specifically, examples of
the deposition process of the Al alloy film include a sputtering
process and a vacuum evaporation process. In the invention,
the Al alloy film is recommended to be formed by the sput-
tering process in light of fining, homogenization of each alloy
component in the film, and ease in control of the amount of the
added element. In addition, it is preferred that deposition
temperature during the sputtering is controlled to be roughly
230° C. or less, and Ar gas pressure is controlled to be roughly
20 mTorr or less. Moreover, the substrate temperature during
the sputtering is preferably controlled to be roughly 180° C.
or less. As the substrate temperature or the deposition tem-
perature is higher, quality of the formed film is closer to that
ofabulk, and thus a dense film is more readily formed, and the
Young’s modulus of the film tends to increase. In addition, as
the Ar gas pressure is increased, density of the film tends to be
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reduced, leading to a decrease in Young’s modulus of the film.
Such adjustment of the deposition conditions is also preferred
in light of suppressing easy occurrence of corrosion due to
roughening of a film structure.

[0054] The Al alloy film deposited by the sputtering pro-
cess as described above is preferably heat-treated (annealed)
within a temperature range from room temperature to 230° C.
In a manufacturing process of the organic EL display, a semi-
product of the organic EL is often subjected to thermal history
from room temperature to about 250° C. after formation of the
reflective film. A high annealing temperature, however,
causes a reduction in Young’s modulus and in maximum grain
size due to precipitation of the rare earth element and grain
growth ofthe Alalloy. Specifically, the annealing temperature
should be appropriately set depending on the added amount
of the rare earth element, and is preferably 150 to 230° C.
[0055] In the invention, to achieve the Al alloy film that is
appropriately controlled in glossiness, appropriate control of
sputtering conditions is preferred in addition to use of the Al
alloy film containing the predetermined rare earth element.
Specifically, examples of the deposition process of the Al
alloy film include a sputtering process and a vacuum evapo-
ration process. In the invention, the Al alloy film is recom-
mended to be formed by the sputtering process in light of
fining, homogenization of each alloy component in the film,
and ease in control of the amount of the added element. In
addition, itis preferred that deposition temperature during the
sputtering is controlled to be roughly 270° C. or less, and Ar
gas pressure is controlled to be roughly 15 mTorr or less.
Moreover, the substrate temperature during the sputtering is
preferably controlled to be roughly 270° C. or less. The rea-
son for this is that as the substrate temperature or the deposi-
tion temperature is higher, sputtered particles more easily
move on a substrate surface, which causes formation of
coarse crystal grain size, resulting in a reduction in glossi-
ness. In addition, as the Ar gas pressure is increased, collision
frequency of the sputtered particles to Ar gas increases. As a
result, energy of each sputtered particle is reduced at arrival at
the substrate, and in turn density of crystal grains decreases,
resulting in a reduction in glossiness.

[0056] The glossiness of the Al alloy film (that has been
just) deposited under the above-described preferable sputter-
ing conditions is as high as 800% or more. Such high glossi-
ness is maintained regardless of conditions of subsequent
heat treatment (annealing). In this regard, the glossiness is
significantly different from the reflectance that is strongly
influenced by the state (such as size and density of crystal
grains) of the heat-treated Al alloy film. In a manufacturing
process of the organic EL display, a semi-product of the
organic EL display is often subjected to thermal history from
room temperature to about 250° C. Even if the annealing
temperature exceeds the above-described temperature range,
for example, even if annealing is performed at 300° C., the
glossiness of the heat-treated Al alloy film maintains a high
level of 800% or more (see the Examples described later). In
consideration of heat resistance of resin, however, preferable
annealing temperature is 150 to 230° C.

[0057] The invention is characterized by the electrode
including the Al alloy film to be directly connected to the
organic layer. Any of known configurations commonly used
in the field of the organic EL. display can be used without
limitation for other configurations.

[0058] Summary of an embodiment of the organic EL dis-
play including the reflective anode electrode of the present
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invention is now described with FIG. 1. However, the inven-
tion should not be limited to the organic EL display illustrated
in FIG. 1, and any of configurations typically used in the art
can be appropriately used.

[0059] In this embodiment, TFT 2 and a passivation film 3
are formed on a substrate 1, and a planarization layer 4 is
formed on the passivation film 3. A contact hole 5 is formed
on the TFT 2, and a source/drain electrode (not shown) of the
TFT 2 is electrically connected to the Al alloy film (reflective
film) 6 through the contact hole 5. In the invention, the Al
alloy film 6 configures the reflective anode electrode. The
reason why the Al alloy film 6 is referred to as reflective anode
electrode is because the Al alloy film 6 serves as a reflective
electrode of the organic EL device, and further serves as an
anode electrode since it is electrically connected to the
source/drain electrode of the TFT 2. Alternatively, the reflec-
tive anode electrode may be equal to the source/drain elec-
trode. Such a configuration also exhibits the effects of the
invention.

[0060] An organic light-emitting layer 8 is formed directly
on the Al alloy film 6, and a cathode electrode 9 is formed on
the organic light-emitting layer 8. Specifically, while a tradi-
tional organic EL display has an oxide conductive film
between the Al alloy film 6 and the organic light-emitting
layer 8, the organic EL display of FIG. 1 including the reflec-
tive anode electrode of the invention does not require the
oxide conductive film. In this embodiment, the predeter-
mined Al alloy film 6 is used; hence, even if the Al alloy film
6 is directly connected to the organic light-emitting layer 8,
variations in light emitting characteristics are suppressed. In
addition, such an organic EL display achieves high emission
luminance since light emitted from the organic light-emitting
layer 8 is efficiently reflected by the reflective anode electrode
of the invention.

EXAMPLES

[0061] Although the invention is now described in detail
with Examples, the invention should not be limited thereto,
and modifications or alterations thereof may be made within
the scope without departing from the gist described before
and later, all of which are included in the technical scope of
the invention.

Example 1

[0062] Alkali-free glass plates, each being 0.7 mm in thick-
ness and 4 inches in diameter, were used as substrates, and Al
alloy films (each having a thickness of about 500 nm), which
were different from one another in type and content of a rare
earth element as shown in Table 1 (in atomic percent, the
remainder: Al and inevitable impurities), were formed on the
substrates by a DC magnetron sputtering process. After the
atmosphere in the deposition chamber was temporarily
evacuated to the ultimate vacuum of 1x107¢ Torr, each Al
alloy film was deposited under the following conditions using
a disc target, which had a diameter of 4 inches and the same
composition as that of each Al alloy film. Subsequently, the
deposited Al alloys were subjected to annealing for 15 min in
a nitrogen atmosphere at various annealing temperatures
shown in Table 1. In Table 1, “-” refers to unheated (i.e., room
temperature). The compositions of the resultant Al alloy films
were identified by inductively coupled plasma (ICP) mass
spectrometry.
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(Sputtering Conditions)

[0063] Ar gas pressure: 1 mTorr

[0064] Ar gas flow rate: 20 sccm

[0065] Sputtering power: 130 W

[0066] Deposition temperature: 100° C.

[0067] The Al alloy films produced in the above manner

were subjected to a film hardness test using a nano-indenter.
In this test, each Al alloy film was subjected to continuous
stiffness measurement using an XP tip with Nano Indenter XP
from MTS System Corporation (analysis software: Test
Works 4). Measurement was performed at 15 points under a
condition of indentation depth of 300 nm, excitation oscilla-
tion frequency of 45 Hz, and amplification of 2 nm, and the
average of the resultant values was obtained.

[0068] Moreover, in the test, measurement was performed
with the indentation depth of 20 nm, and then the surface of
each Al alloy film was observed by a light microscope (of
1000 magnifications) to check presence of deformation due to
plastic deformation.

[0069] Furthermore, the Al alloy films produced in the
above manner were subjected to TEM observation at a mag-
nification of 150,000 to measure the density (triple point
density) of Al alloy at a grain boundary triple point observed
in each of measured visual fields (each visual field being 1.2
pmx1.6 um). Such measurement was performed in three
visual fields in total, and the average of the measured values
was determined as the triple point density of the Al alloy.
[0070] Samples, each having a pure Al film in place of the
Al alloy film, were also subjected to measurement of the
hardness and the triple point density in the same way as
above.

[0071] Table 1 collectively shows results of such measure-
ment. In Table 1, “E+07” refers to 107. For example, “9.0E+
07”in No. 101 in Table 1 refers t0 9.0x107.

TABLE 1
Annealing Triple Hard-  Presence
Compe- temperature  pointdensity ness  of defor-
No. sitien (°C) (number/mm?®) (GPa)  mation
101 Pure Al — 9.0E+07 0.9 X
102 Pure Al 150 S.9E+07 0.9 X
103 Pure Al 250 S.6E+07 0.9 X
104 Pure Al 300 2.9E+07 0.9 X
105 Al—0.05Nd — 2.5E+08 24 O
106  Al—0.05Nd 150 2.4E+08 2.3 O
107 Al—0.05Nd 200 2.AE+08 2.1 O
108 Al—0.05Nd 250 1.2E408 1.1 X
109  Al—0.2Nd — 3.2E+08 29 O
110 Al—0.2Nd 150 2.6E+08 2.6 O
111 Al—0.2Nd 200 2.5E+08 25 O
112 Al—0.2Nd 250 1.2E408 1.2 X
113 Al—0.6Nd — 3.6E+08 32 O
114 Al—0.6Nd 150 3.0E+08 3.1 O
115  Al—0.6Nd 200 2.8E+08 2.7 O
116  Al—0.6Nd 230 2.1E+08 2.1 O
117 Al—0.6Nd 250 1.3E408 1.2 X
118 Al—0.6Nd 300 S.0E+07 1.1 X
119 Al—0.2Gd — 3.2E+08 3.1 O
120 Al—0.2Gd 150 2.7E+08 2.7 O
121 Al—0.2Gd 200 2.5E+08 24 O
122 Al—0.2La — 3.3E+08 3.0 O
123 Al—0.2La 150 2.6E+08 2.6 O
124 Al—0.2La 200 2.AE+08 24 O
125 Al—-0.2Y — 3.1E+08 29 O
126 Al—0.2Y 150 2.5E+08 2.6 O
127 Al—0.2Y 200 2.AE+08 24 O
128 Al—0.2Ce — 3.2E+08 3.0 O
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TABLE 1-continued

Annealing Triple Hard-  Presence

Compo- temperature  pointdensity ness  of defor-

No. sition °C) (number/mm?) (GPa)  mation
129 Al—0.2Ce 150 2.7E+08 2.6 O
130 Al—0.2Ce 200 2.5E+08 2.5 O
131 AL—0.2Pr — 3.2E+08 3.0 O
132 AL—0.2Pr 150 2.6E+08 2.7 O
133 AL—0.2Pr 200 2.4E+08 24 O
134 Al—0.2Dy — 3.1E+08 29 O
135 Al—0.2Dy 150 2.5E+08 2.6 O
136 Al—0.2Dy 200 2.4E+08 24 O
137 Al—5.0Nd — 1.9E+09 14.7 O
138 ALl—5.0Nd 150 8.9E+08 9.2 O
139 Al—5.0Nd 200 5.7E+08 5.3 O

[0072] InTable 1, Nos. 105 to 118 and 137 to 139 are each

an example of an Al alloy film containing Nd as the rare earth
element. Table 1 shows that in the case of the same annealing
temperature, hardness and triple point density each tend to
increase with increase in Nd content (for example, a case
where annealing temperature is room temperature “-”, see
Nos. 105, 109, 113, and 137), and the upper limit of the Nd
content is effectively specified to be 1 at % in order to control
each of the hardness and the triple point density to be within
a predetermined range. Table 1 further shows that even in the
case of the same Nd content, if annealing temperature
exceeds the preferable range of the invention, each of the
hardness and the triple point density tends to decrease (for
example, a case where annealing temperature is 250° C., see
Nos. 108, 112, and 117), and deformation occurs due to
plastic deformation; hence, the upper limit of the annealing
temperature is effectively specified to be 230° C. in order to
control each of the hardness and the triple point density to be
within a predetermined range to eliminate the deformation
due to plastic deformation.

[0073] In Table 1, Nos. 119 to 136 are each an example
using an Al alloy film containing a rare earth element other
than Nd. Each of the example Al alloy films contained a rare
earth element in the amount specified in the invention, and
was fabricated while the annealing temperature was con-
trolled to be within the preferable range of the invention;
hence, the hardness and the triple point density were each
controlled to be within the range of the invention. It has been
experimentally confirmed that even if the rare earth element
other than Nd is used, experimental results similar to those in
the case using Nd are given (not shown in Table 1).

[0074] These results reveal that when the Al-rare earth ele-
ment alloy film of the invention is used, a highly reliable,
reflective anode electrode for organic EL displays can be
promisingly provided, the reflective anode electrode being
excellent in durability against longitudinal stress, and being
less likely to cause disconnection and temporal increase in
electric resistance.

[0075] Incontrast, Nos. 101 to 104 are examples using pure
Al containing no rare earth element, in which the hardness
and the triple point density were not able to be controlled into
those specified in the invention no matter how the annealing
temperature was controlled. In addition, deformation due to
plastic deformation occurred in any of such examples.

Example 2

[0076] Alkali-free glass plates, each being 0.7 mm in thick-
ness and 4 inches in diameter, were used as substrates, and Al
alloy films (each having a thickness of about 600 nm), which
were different from one another in type and content of a rare
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earth element as shown in Table 2, were formed on the sub-
strates by a DC magnetron sputtering process. After the atmo-
sphere in the deposition chamber was temporarily evacuated
to the ultimate vacuum of 1x10~ Torr, each Al alloy film was
deposited using a disc target, which had a diameter of 4 inches
and the same composition as that of each Al alloy film, while
deposition temperature and Ar gas pressure (shown as Ar
pressure in Table 2) were each variously varied as shown in
Table 2. Other sputtering conditions are as shown below. The
deposited Al alloys were subjected to annealing for 30 min in
a nitrogen atmosphere at various annealing temperatures
shown in Table 2. In Table 2, “-” refers to unheated (i.e., room
temperature). The compositions of the resultant Al alloy films
were identified by ICP mass spectrometry as with the
Example 1.

(Sputtering Conditions)

[0077] Ar gas flow rate: 30 sccm

[0078] Sputtering power: 260 W

[0079] Deposition temperature: room temperature

[0080] The Al alloy films produced in the above manner

were subjected to a film hardness test using a nano-indenter,
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using an XP tip with Nano Indenter G200 from Agilent Tech-
nologies Co., Ltd (analysis software: Test Works 4). Measure-
ment was performed at 15 points with indentation depth of
500 nm.

[0081] Moreover, in the test, measurement was performed
with the indentation depth of 20 nm, and then the surface of
each Al alloy film was observed by a light microscope (of
1000 magnifications) to check presence of deformation due to
plastic deformation.

[0082] Furthermore, the Al alloy films produced in the
above manner were subjected to TEM observation at a mag-
nification of 150,000x to measure grain size of each crystal
grain (one-direction tangential diameter, or Feret diameter)
observed in each of measured visual fields (each visual field
being 1.2 pmx1.6 um). Such measurement was performed in
three visual fields in total, and the maximum of the measured
values in the three visual fields was determined as the maxi-
mum grain size.

[0083] Samples, each having a pure Al film in place of the
Al alloy film, were also subjected to measurement of the
Young’s modulus and the maximum grain size in the same
way as above.

and Young’s moduli were determined. In this test, each Al [0084] Table 2 collectively shows results of such measure-
alloy film was subjected to continuous stiffness measurement ment.
TABLE 2
Deposition Annealing  Young’s Maximum
temperature  Ar pressure  temperature modulus  grain size  Presence of
No. Composition (¢ C) (mTorr) °C) (GPa) (nm) deformation
201 Pure Al 25 2 — 71 412 X
202 Pure Al 25 2 150 73 593 X
203 Pure Al 25 2 300 71 1066 X
204 Al—0.05Nd 25 2 — 86 161 O
205 Al—0.05Nd 25 2 150 85 170 O
206 Al—0.05Nd 25 2 200 84 179 O
207 Al—0.2Nd 25 2 — 91 158 O
208 Al—0.2Nd 25 2 150 88 165 O
209 Al—0.2Nd 25 2 200 87 167 O
210 Al—0.6Nd 25 2 — 95 140 O
211 Al—0.6Nd 25 2 150 94 142 O
212 Al—0.6Nd 25 2 200 89 148 O
213 Al—0.6Nd 100 2 200 86 166 O
214 Al—0.6Nd 200 2 200 2 320 O
215 Al—0.6Nd 25 0.8 200 93 125 O
216 Al—0.6Nd 25 10 200 84 188 O
217 Al—0.6Nd 25 20 200 80 255 O
218 Al—0.6Nd 25 2 230 83 188 O
219 Al—0.6Nd 25 2 300 2 427 X
220 Al—5.0Nd 25 2 — 197 142 O
221 Al—5.0Nd 25 2 150 139 143 O
222 Al—5.0Nd 25 2 200 110 149 O
223 Al0.2Gd 25 2 — 93 139 O
224 Al—0.2Gd 25 2 1350 90 144 O
225 Al—0.2Gd 25 2 200 87 145 O
226 Al—0.2La 25 2 — 2 148 O
227 Al—0.2La 25 2 150 88 147 O
228 Al—0.2La 25 2 200 86 159 O
229 Al—0.2Y 25 2 — 91 146 O
230 Al0.2Y 25 2 150 88 149 O
231 Al—0.2Y 25 2 200 86 163 O
232 Al—0.2Ce 25 2 — 2 150 O
233 Al—0.2Ce 25 2 150 89 147 O
234 Al—0.2Ce 25 2 200 87 162 O
235 Al—0.2Pr 25 2 — 92 144 O
236 Al—0.2Pr 25 2 150 89 148 O
237 Al—0.2Pr 25 2 200 87 158 O
238 Al—0.2Dy 25 2 — 91 148 O
239 Al—0.2Dy 25 2 150 88 148 O
240 Al—0.2Dy 25 2 200 87 159 O
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[0085] 1In Table 2, Nos. 204 to 222 are each an example of
an Al alloy film containing Nd as a rare earth element. Table
2 shows that in the case of the same sputtering condition and
the same annealing temperature, as the Nd content increases,
the Young’s modulus tends to increase (for example, a case
where annealing temperature is room temperature “-”; see
Nos. 204, 207, 210, and 220), while the maximum grain size
tends to somewhat decrease. Table 2 further shows that even
in the case of the same Nd content and the same sputtering
conditions, if annealing temperature exceeds the preferable
range of the invention, the Young’s modulus decreases, and
the maximum grain size increases, and thus deformation
occurs due to plastic deformation (for example, see Nos. 218
and 219); hence, the upper limit of the annealing temperature
is effectively specified to be 230° C. in order to control each
of the Young’s modulus and the maximum grain size to be
within a predetermined range to eliminate the deformation
due to plastic deformation.

[0086] In Table 2, Nos. 223 to 240 are each an example
using an Al alloy film containing a rare earth element other
than Nd. Each of the example Al alloy films contained a rare
earth element in the amount specified in the invention, and
was fabricated while the sputtering conditions and the anneal-
ing temperature were each controlled to be within the prefer-
able range of the invention; hence, the Young’s modulus and
the maximum grain size were each controlled to be within the
range of the invention. It has been experimentally confirmed
that even if the rare earth element other than Nd is used,
experimental results similar to those in the case using Nd are
given (not shown in Table 2).

[0087] These results reveal that when the Al-rare earth ele-
ment alloy film of the invention is used, a highly reliable
organic EL can be promisingly provided, the organic EL
display being excellent in durability against lateral stress, and
being less likely to cause disconnection and temporal
increase in electric resistance.

[0088] Incontrast, Nos.201 to 203 are examples using pure
Al containing no rare earth element, in which the Young’s
modulus and the maximum grain size were not able to be
controlled into those specified in the invention regardless of
the annealing temperature. In addition, deformation due to
plastic deformation occurred in any of such examples.

Exaniple 3

[0089] Alkali-free glass plates, each being 0.7 mm in thick-
ness and 4 inches in diameter, were used as substrates, and Al
alloy films (each having a thickness of about 100 nm), which
were different from one another in type and content of a rare
earth element as shown in Table 3 (in atomic percent, the
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remainder: Al and inevitable impurities), were formed on the
substrates by a DC magnetron sputtering process. After the
atmosphere in the deposition chamber was temporarily
evacuated to the ultimate vacuum of 3x107¢ Torr, each Al
alloy film was deposited using a disc target, which had a
diameter of 4 inches and the same composition as that of each
Al alloy film, while deposition temperature and Ar gas pres-
sure (shown as Ar pressure in Table 3) were each variously
varied as shown in Table 3. Other sputtering conditions are as
shown below. Subsequently, the deposited Al alloys were
subjected to annealing for 30 min in a nitrogen atmosphere at
various annealing temperatures shown in Table 3. In Table 3,
“=” refers to unheated (i.e., room temperature). The compo-
sitions of the resultant Al alloy films were identified by ICP
mass spectrometry.

(Sputtering Conditions)

[0090] Ar gas flow rate: 30 sccm

[0091] Sputtering power: 130 W

[0092] Deposition temperature: room temperature

[0093] The Al alloy films produced in the above manner

were subjected to measurement of 60° specular glossiness in
accordance with JIS K7105-198. The glossiness was repre-
sented by a value (%) obtained assuming that glossiness of the
surface of glass having a refractive index of 1.567 was 100.
[0094] Furthermore, the aluminum alloy films produced in
the above manner were used to evaluate a level of etching
characteristics. In detail, each Al alloy film was immersed in
amixed-acid etchant (phosphoric acid:nitric acid:acetic acid:
water=70:2:10:18) warmed to 40° C. to perform etching fora
period (over etching time) corresponding to a period 1.5 times
as long as the etching completion time. After the etching, each
glass substrate was observed by a light microscope (of 1000
magnifications) and SEM (of 30,000 magnifications). It was
defined that an Al alloy film, on which no etching character-
istic was found in either observation, was o, an Al alloy film,
on which an etching characteristic was found only in SEM
observation, was A, and an Al alloy film, on which an etching
characteristic was found in each of SEM observation and light
microscope observation, was x. In the Example 3, o or A is
determined to be good in etching characteristic.

[0095] Samples, each having a pure Al film in place of the
Al alloy film, were also subjected to measurement of glossi-
ness and evaluation of a level of etching characteristics in the
same way as above.

[0096] Table 3 collectively shows results of such measure-
ment. While Table 3 shows results of the glossiness after heat
treatment (annealing), it has been confirmed that such values
of the glossiness are almost not different from those of glossi-
ness immediately after deposition (before annealing).

TABLE 3

Deposition Annealing

temperature  Arpressure  temperature Glossiness  Etching
No. Cemposition (°C) (mTorr) (°C) (%) characteristic
301 Pure Al 25 2 — 786 O
302 Pure Al 25 2 150 771 O
303 Pure Al 25 2 300 763 O
304 Al—0.02Nd 25 2 — 791 O
305 Al—0.05Nd 25 2 — 810 O
306 Al—0.2Nd 25 2 — 817 O
307 Al—0.6Nd 25 2 — 825 O
308 Al—0.6Nd 100 2 — 822 O
309 Al—0.6Nd 200 2 — 815 O
310 Al—0.6Nd 250 2 — 808 O
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TABLE 3-continued
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Deposition Annealing
temperature  Arpressure temperature Glossiness  Etching
No. Composition (°C) (mTorr) (°C) (%) characteristic
311 Al—0.6Nd 270 2 — 802 G
312 Al—0.6Nd 25 10 — 815 G
313 Al—0.6Nd 25 15 — 806 G
314 Al—0.6Nd 25 20 — 797 G
315 Al—0.6Nd 25 2 150 826 G
316 Al—0.6Nd 25 2 300 823 G
317 Al—3.0Nd 25 2 — 827 G
318 Al—5.0Nd 25 2 — 831 A
319 Al—0.2Gd 25 2 — 819 G
320 Al—021a 25 2 — 814 G
321 Al-02Y 25 2 — 807 G
322 Al—0.2Ce 25 2 — 817 G
323 Al—02Pr 25 2 — 817 G
324 Al—02Dy 25 2 — 816 G
[0097] In Table 3, Nos. 304 to 318 are each an example of ~ which is high in glossiness and is excellent in color expres-

an Al alloy film containing Nd as a rare earth element. Table
3 shows that in the case of the same sputtering condition and
the same annealing temperature, as the Nd content increases,
the glossiness tends to increase (for example, a case where
annealing temperature is room temperature “-”, see Nos. 304,
305, 306, 307, 317, and 318). While etching characteristics
are increasingly observed with increase in Nd content, the
level of the etching characteristics was acceptable within a
range of the Nd content not more than the upper limit (5 at %)
specified in the invention. The glossiness is also deeply
related with the sputtering conditions. The desired glossiness
(800% or more) was not exhibited by No. 314 that was pro-
duced under a condition of the Ar gas pressure beyond the
preferable range of the invention. The glossiness is also
deeply related with the deposition temperature, and the
glossiness tends to be reduced at a higher deposition tempera-
ture. It was however confirmed that the desired glossiness
(800% or more) was given even at 270° C. being over a typical
process temperature. Furthermore, while Nos. 307, 315, and
316 are cases of Al alloy films containing 0.6 at % Nd, which
were formed by sputtering under the same conditions except
for annealing temperature (annealing temperatures of Nos.
307,315, and 316 were annealing skipped room temperature,
150° C., and 300° C., respectively), the glossiness is substan-
tially the same (about 820%) therebetween, showing that
glossiness is almost not affected by annealing.

[0098] The above experimental results reveal that in order
to achieve the predetermined glossiness, it is effective that the
upper limit of Nd content is specified to be 5 at %, and the
sputtering conditions are controlled such that the deposition
temperature is 270° C. or less, and the Ar gas pressure is 15
mTorr or less.

[0099] In Table 3, Nos. 319 to 324 are each an example
using an Al alloy film containing a rare earth element other
than Nd. Each of the example Al alloy films contained a rare
earth element in the amount specified in the invention, and
was fabricated while the sputtering conditions were each
controlled to be within the preferable range of the invention;
hence, the glossiness was controlled to be within the range of
the invention. It has been experimentally confirmed that even
if the rare earth element other than Nd is used, experimental
results similar to those in the case using Nd are given (not
shown in Table 3).

[0100] These results reveal that when the Al-rare earth ele-
ment alloy film of the invention is used, an organic EL display,

sion power, can be promisingly provided.

[0101] Incontrast, Nos.301 to 303 are examples using pure
Al containing no rare earth element, in which the glossiness
was not able to be controlled to be in the range of glossiness
specified in the invention while the sputtering conditions
were each controlled to be within the preferable range of the
invention.

[0102] Although the application has been described in
detail with reference to particular embodiments, it should be
understood by those skilled in the art that various alterations
and modifications thereof may be made without departing
from the spirit and the scope of the invention.

[0103] The present application is based on Japanese patent
application (JP-2011-116304) filed on May 24, 2011, Japa-
nese patent application (JP-2011-116305) filed on May 24,
2011, and Japanese patent application (JP-2011-116306)
filed on May 24, 2011, the contents of all of which are hereby
incorporated by reference.

INDUSTRIAL APPLICABILITY

[0104] According to the present invention, an Al alloy film,
which contains a rare earth element and is appropriately con-
trolled in hardness and in density of grain boundary triple
points, is used as an Al alloy film configuring a reflective
anode electrode for organic EL displays, and therefore the Al
alloy film is particularly excellent in durability against longi-
tudinal stress such as an indentation load. In addition, since
the Al alloy film is appropriately controlled in Young’s modu-
lus and in maximum grain boundary of one-direction tangen-
tial diameter (Feret diameter) of a crystal grain, the Al alloy
film is also excellent in durability against lateral deformation.
As a result, even if the Al reflective film is directly connected
to the organic layer, stable emission characteristics can be
ensured, so that a highly reliable reflective anode electrode for
organic EL displays has been able to be provided. Further-
more, since the Al alloy film is excellent in glossiness, a
reflective anode electrode for organic EL displays, which is
excellent in color expression power, has been able to be
provided. The organic EL display of the present invention is
preferably used for, for example, a mobile phone, a portable
video game player, a tablet computer. and a television.
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DESCRIPTION OF THE REFERENCE

NUMERALS AND SIGNS
[0105] 1 substrate
[0106] 2TFT
[0107] 3 passivation film
[0108] 4 planarization layer
[0109] 5 contact hole
[0110] 6 Al alloy film (reflective film)
[0111] 8 organic light-emitting layer
[0112] 9 cathode electrode

1. An interconnection structure including, on a substrate,
an Al alloy film configuring a reflective anode electrode for
organic EL displays and an organic layer containing a light
emitting layer, the interconnection structure being character-
ized in that

the Al alloy film contains at least one rare earth element in

an amount of 0.05 to 5 at %, the rare earth element being
selected from a group consisting of Nd, Gd, La, Y, Ce, Pr,
and Dy, and

the organic layer is directly connected onto the Al alloy

film.

May 15,2014

2. The interconnection structure according to claim 1, char-
acterized in that the Al alloy film has a hardness of 2 to 3.5
GPa and a density of grain boundary triple points in an Al
alloy structure of 2x10%/mm? or more.

3. The interconnection structure according to claim 1, char-
acterized in that the Al alloy film has a Young’s modulus of 80
to 200 GPa and a maximum value of one-direction tangential
diameter (Feret diameter) of a crystal grain of 100to 350 nm.

4. The interconnection structure according to claim 1, char-
acterized in that the Al alloy film has a glossiness of 800% or
more.

5. The interconnection structure according to claim 1,
wherein the Al alloy film is electrically connected to a source/
drain electrode of a thin film transistor formed on the sub-
strate.

6. A thin film transistor substrate, comprising the intercon-
nection structure according to claim 1.

7. An organic EL display, comprising the thin film transis-
tor substrate according to claim 6.
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